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A multicenter evaluation was undertaken to evaluate the performance of a new three-color peptide
nucleic acid fluorescence in situ hybridization assay that identifies isolates directly from blood cultures
positive for Gram-negative bacilli (GNB). The assay correctly identified 100% (186/186) of the Escherichia
coli isolates, 99.1% (109/110) of the Klebsiella pneumoniae isolates, and 95.8% (46/48) of the Pseudomonas
aeruginosa isolates in this study. Negative assay results were correctly obtained for 162 of 165 other GNB
(specificity, 98.2%).

Gram-negative bacilli (GNB) are associated with blood-
stream infections (BSI) resulting in significant mortality, par-
ticularly in patients in intensive care units (ICUs). Among the
most prevalent GNB pathogens are Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa (4, 8). The selection
of empirical therapy for GNB infections is challenging due to
inherent antimicrobial resistance among many P. aeruginosa
strains and emerging resistance to carbapenem antimicrobial
agents among K. pneumoniae isolates. Rapid same-day patho-
gen identification (ID) directly from newly positive blood cul-
ture bottles can impact the appropriate selection of empirical
therapy, an important factor in improving patient outcomes
(7). Peptide nucleic acid fluorescence in situ hybridization
(PNA FISH) assays (AdvanDx Inc.) have been shown to com-
pare favorably to automated phenotypic ID methods and can
produce results in approximately 90 min (10). A limitation of
the current FDA-cleared GNB PNA FISH assays (E. coli/P.
aeruginosa PNA FISH and E. coli, K. pneumoniae [EK]/P.
aeruginosa PNA FISH) is the inability to differentiate E. coli
from K. pneumoniae. This multicenter study evaluated the per-
formance of GNR (Gram-negative rod) Traffic Light PNA
FISH (not FDA cleared at the time of this study), the first
rapid PNA FISH assay to identify 3 major GNB (E. coli, K.
pneumoniae, and P. aeruginosa) directly from newly positive
blood cultures.

Four U.S. study sites collected GNB-positive clinical blood
cultures. The phenotypic ID method for each laboratory was

performed using either MicroScan (Siemens Healthcare Diag-
nostics, Tarrytown, NY) or VITEK2 (bioMérieux, Inc., Dur-
ham, NC). Data collected for this study had no patient iden-
tifiers, and only blood cultures drawn for clinical purposes were
used. Institutional Review Board (IRB) approval or exemption
was obtained for the study protocol from each institution. Each
site used one of the following three automated, continuously
monitoring blood culture systems: BacT/Alert (bioMérieux,
Inc., Durham, NC), BACTEC (BD Diagnostics, Spark, MD),
or VersaTrek (Trek Diagnostic Systems, Cleveland, OH). For
each sample, GNR Traffic Light PNA FISH was performed,
according to the manufacturer’s instructions. Slides were ex-
amined with fluorescence microscopy (60� or 100� oil objec-
tive, dual-bandpass fluorescein isothiocyanate/Texas Red fil-
ter). Results were interpreted as positive when fluorescent cells
were seen in multiple fields of view, as follows: green for E.
coli, red for P. aeruginosa, and yellow for K. pneumoniae. Ad-
ditionally, EK/P. aeruginosa PNA FISH was performed on
each sample (data not shown). GNR Traffic Light PNA FISH
was performed concurrently with the routine laboratory ID on
excess blood culture material. The operator of the PNA FISH
testing at each study site was blinded to the results of the
routine laboratory ID until all testing was complete.

A total of 490 clinical blood cultures positive for GNB by
Gram staining, and 4 blood culture bottles spiked with clin-
ical P. aeruginosa isolates were included in the study. Auto-
mated phenotypic ID methods identified 537 isolates, in-
cluding 43 in mixed growth cultures of 2 or more organisms.
Of the organisms identified, 186 (34.6%) were E. coli, 110
(20.5%) were K. pneumoniae, and 48 (8.9%) were P. aerugi-
nosa. Of the 43 mixed cultures, 15 were identified as having
2 of the GNR Traffic Light PNA FISH target organisms
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present and were therefore expected to display 2 fluores-
cence results. GNR Traffic Light PNA FISH correctly iden-
tified 100% (186/186) of the E. coli isolates, 99.1% (109/110)
of the K. pneumoniae isolates, and 95.8% (46/48) of the P.
aeruginosa isolates (Table 1). One false negative for K. pneu-
moniae and two false negatives for P. aeruginosa, all in
mixed cultures, were recorded (isolates were not available
for retesting). According to the manufacturer’s labeling of
the other PNA FISH assays, such as E. coli/P. aeruginosa
PNA FISH, the limit of detection (LOD) is 105 CFU. In
mixed cultures, it is possible that one organism may out
grow the other and that the bottle may signal positive on the
automated blood culture device before both organisms
reach this LOD for the PNA FISH assay. The specificity of
the test was 98.2% (162/165). Mixed cultures which con-
tained more than one isolate other than E. coli, P. aerugi-
nosa, or K. pneumoniae (28 in all) were counted once in the
specificity calculations, since only one negative result could
be expected to be observed at a time. One Enterobacter
cloacae sample gave a false-positive E. coli (green) result
(negative upon repeat testing), and one Acinetobacter bau-
mannii sample gave a false-positive P. aeruginosa (red) re-
sult (isolate/sample unavailable for additional testing). An-
other false-positive P. aeruginosa (red) result occurred with
a sample containing Acinetobacter radioresistens, a rare clin-
ical isolate. Analysis of publically available sequences (http:
//www.ncbi.nlm.nih.gov) revealed a partial complementary
sequence similarity for A. radioresistens with the P. aerugi-
nosa PNA probe.

Inappropriate initial antibiotic selection and delays in
starting effective antimicrobial therapy have been shown to
adversely impact mortality rates in patients with GNB BSI
(6, 7, 9) and, for Pseudomonas BSI, have been associated
with a longer length of hospital stay (9). Rapid identification
of E. coli, P. aeruginosa, or K. pneumoniae from blood cul-
ture bottles has the potential to impact clinical decisions by
allowing an early choice of effective targeted antimicrobial
therapy and, hence, better patient outcomes and reduced
lengths of hospital stays. Once the species has been identi-
fied, a therapeutic regimen with antipseudomonal activity
such as tobramycin or piperacillin-tazobactam may be cho-
sen for P. aeruginosa infection and ceftriaxone or other

suitable drugs for E. coli bacteremia. Early identification of
K. pneumoniae in the blood culture would enable rapid
initiation of appropriate therapy based on the resistance
pattern of this organism in a given institution, such as the
rate of extended-spectrum �-lactamase (ESBL) carriage or
prevalence of carbapenem resistance. Rapid PNA FISH re-
sults negative for E. coli, P. aeruginosa, or K. pneumoniae
have been shown to indicate an increase in the likelihood of
an isolate being resistant to a cephalosporin, further sup-
porting the concept of rapid pathogen ID impacting thera-
peutic decisions (5).

This study demonstrated that GNR Traffic Light PNA
FISH is a highly sensitive and specific assay for identifying
the most common GNB recovered from newly positive
blood culture bottles. The time to results for GNR Traffic
Light PNA FISH from a positive blood culture is approxi-
mately 90 min (hands-on technologist time is approximately
10 min per test), compared to 1 to 3 days for conventional
phenotypic methods. While assessing the actual cost of
GNR Traffic Light PNA FISH implementation was beyond
the scope of this study, the approximate cost per test based
on the manufacturer’s list price is $39 (not including con-
trols), with a Medicare reimbursement of $84.66. As sug-
gested by studies of other PNA FISH assays, lab expenses
for implementation of GNR Traffic Light PNA FISH would
be justifiable when measured against improved patient out-
comes, reduced lengths of hospital stays, and judicious use
of antimicrobial therapy (1, 2, 3). The direct effect of GNR
Traffic Light PNA FISH on the selection of appropriate
empirical therapy, subsequent patient outcomes, and cost
benefits would be areas of interest for future studies.

The studies were sponsored by AdvanDx Inc., Woburn, MA. None
of the authors from the clinical sites held any financial interest in
AdvanDx. B.S.C. is a current employee of AdvanDx, and A.M. is a
former employee of AdvanDx.
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